In a murine model of cutaneous leishmaniasis, reconstituted athymic nude mice have been used to establish that L3T4+ T cells are involved in promotion of resistance and promotion of disease (Mitchell et aI., 1987; Moll et aI., 1988) . In this disease (Old World or zoonotic cutaneous leishmaniasis), infection is initiated by promastigotes of Leishmania major that invade macrophages, inside which they transform to amastigotes and multiply. The bulk of evidence indicates that the infected macrophage is the target of aggressive immune attack in resistant individuals (Louis and Milon, 1987) , Euthymic mice ofBALB/c genotype differ from CBAlH and C57BLl6 mice in being nonhealers after cutaneous injection of L. major promastigotes. In our laboratory, using the L. major parasite line V121, both CBAlH and C57BLl6 mice are resistant to infection and usually develop only small lesions that heal rapidly within 1-2 moo Cell transfer experiments have shown small numbers of lymphoid cells from syngeneic euthymic mice (10 5 -10 6 ) to be sufficient for establishing total resistance to L. major infection in * Present address: Institut fiir Klinische Mikrobiologie, Universitat Eriangen, 8520 Eriangen, West Germany,
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otherwise susceptible nude mice of BALB/c, CBAlH, and C57BLl6 genotypes (Mitchell et aI., 1980) . Compatibility at the I-A locus ofthe MHC is probably necessary for reconstitutive activities of T lymphocytes (Mitchell, 1983) . T cells from chronically infected BALB/c mice can abrogate the protective effect of T cells from uninfected mice in BALB/c nude recipients and thus exhibit disease-promoting activity (Mitchell et al., 1981) , There is a close similarity between results obtained in the reconstituted nude mouse and the reconstituted sublethally irradiated mouse model used by the Wellcome group (Howard et aI., 1980; , Moreover, injection of anti-L3T4 antibodies promotes resistance in BALB/c mice (Titus et aI., 1985; Sadick et aI., 1987) , a situation reminiscent of the minimally reconstituted BALB/c nude mouse in that only small numbers of L3T4+ cells lead to resistance, Most of the data are compatible with the notion that resistance-promoting T cells are of high frequency in uninfected euthymic mice relative to disease-promoting T cells but that this ratio is changed in the lymphoid organs of chronically infected BALB/c mice. The 2 functionally different T cell types have the same L3T4+ Ly-2-phenotype and to date cannot be distinguished on the basis of expression of additional surface markers, They may therefore not belong to separate lineages but may rather differ in antigen specificity because a glycolipid of L. major can promote resistance and a carbohydrate derivative of this antigen can promote disease Mitchell, 1985, 1987; Mitchell and Handman, 1986) . Recent data from Locksleyet al. (1987) strongly suggest that induction of T helper cells of type 1 relative to T helper cells of type 2 (see Mosmann and Coffman, 1987) may underly resistance and susceptibility in mouse strains. The possibility exists that disease-promoting and resistance-promoting T cells have different specificities and produce different mediators.
The mode of action of disease-promoting T cells remains poorly defined. It is generally believed that resistance-promoting L3T4+ T cells operate by elaboration oflymphokines including interferon--y (Nacy et aI., 1983; Titus et aI., 1984) , or through cell-cell contact (Sypek and Wyler, 1985) , to promote activation ofthe infected macrophage with attendant destruction of the intracellular amastigotes. In the absence of definitive information on how T cells promote lesion persistence, we have continued to explore variables in the basic reconstituted nude mouse system in the expectation that more data will either enhance or reduce the validity of several current hypotheses (Louis and Milon, 1987) .
MATERIALS AND METHODS

Mice
Female mice of the inbred strains BALB/c, C57BU6, and CBNH were used at an age of 7-12 wk. Female athymic BALB/c nu/nu, C57BU6 nu/nu, and CBNH nu/nu (nude) mice were 6-8 wk of age at the commencement of experiments. All mice were bred under specific pathogen-free conditions at the Hall Institute but, during experimentation, were maintained under conventional conditions in a small isolation facility.
Parasites and assessment of lesions
The cloned virulent L. major parasite line V 121 was produced from the human isolate LRC-L137 (Handman et aI., 1983) and maintained by passage in BALB/c mice. Promastigotes were grown in vitro in blood/agar cultures (Handman et aI., 1979) . Stationary-phase promastigotes were washed and were injected in a volume of 50 III intradermally on the dorsum of the mouse close to the base of the tail. Lesion scores were determined at regular intervals according to the following system: 0 = no lesion or healed scar; I = small swelling (up to 5 mm in average diameter); 2 = large swelling (more than 5 mm in average diameter) or open lesion of less than 5 mm in average diameter; 3 = open lesion of 5-10 mm in diameter; 4 = open lesion greater than 10 mm in diameter and/or obvious metastases. Data are expressed as the arithmetic mean of the lesion scores for the groups of 4-6 mice and the number of mice with lesions relative to the total number of mice per group is given for several time points.
Preparation of cell suspensions
Single cell suspensions were prepared either from normal mouse spleens or from spleens or lymph nodes of mice that had been infected with L. major parasites. Cells from chronically infected BALB/c mice were obtained 70-100 days after parasite challenge when the donor mice had lesion scores of 3 and 4, cells from infected C57BL!6 mice were obtained either from currently diseased donors with an unusually high lesion score of3 or from recovered donors with healed lesions at 68 days of infection. Unseparated or nylon woolpurified T cells (Julius et aI., 1973) were injected intraperitoneally in a volume of 0.2 ml and the cell numbers used are given in the legends for individual experiments.
RESULTS
Will disease-promoting cells enhance parasite proliferation and rate of lesion development?
T cells from chronically infected mice can impair the host-protective effect of T cells from normal mice and restore permissiveness to L. major infection in nude mouse recipients (Mitchell et aI., 1981) . One possibility to account for this disease-promoting activity ofT lymphocytes is that such cells, by unknown mechanisms, promote proliferation of amastigotes, which combined with recruitment of macro phages with inefficient killing capacity (Mirkovich et aI., 1986) enhance the spread ofthe lesion. In order to test this possibility, BALB/c nude mice were injected with 2 x 10 7 nylon wool-purified T cells from chronically infected BALB/c mice and were challenged with either 10 2 , 104, or 10 6 L. major promastigotes, 10 6 being the usual number of parasites used for challenge in this laboratory. Control groups of mice were infected with the same numbers of parasites but did not receive any lymphocyte inoculum. It can be seen in Figure 1 that the rate of lesion development is dependent on the number of parasites used for infection and is not increased by injection of T cells. Upon infection with low numbers of promastigotes (10 2 or 10 4 ), the presence of T cells with disease-promoting capacity does not give rise to early appearance and rapid expansion of lesions.
Can reSistance-promoting cells induce recovery of chronically infected nude mice?
T lymphocytes from uninfected euthymic mice have the capacity to induce resistance to cutaneous disease in nude mice when administered concomitantly with the parasite challenge. FIGURE I. Effect of T cells from chronically infected mice on the course of lesion development. On day 0, 5 BALB/c nude mice per group were injected intraderrnally with 10 2 (.6., A), 10 4 (0, 11), or 10
promastigotes of L. major alone (open symbols) or in addition to 2 x 10 7 T cells from BALB/c mice chronically infected with L. major (closed symbols) that were given intraperitoneally. As in succeeding figures, arithmetic means of the cutaneous lesion scores are indicated and the number of mice with lesions relative to the total number of mice per group as well as standard errors are given for certain time points.
conceivable that disease in nude mice may progress to the point that the injection of a limited number ofT cells is unable to reverse the course of disease and to induce recovery. CBAlH nude mice were therefore injected intradermally with 2 x 10 6 L. major promastigotes and individual groups were reconstituted on days 0, 14,28,42, and 56 with 2 x 10 7 nylon wool-purified T cells from euthymic CBAlH mice. It can be seen in Figure 2A that T cells are able to reverse the development of disease in CBAlH nude recipients and induce complete healing of lesions when injected at any time during the course of infection. Even in CBAlH nude mice with lesions greater than 5 mm in diameter, an injection of T cells is fully protective. Similar results were obtained in an equivalent experiment using infected nude mice ofBALB/c genotype (Fig. 2B) . BALB/c nude mice that received syngeneic T cells up to 42 days after challenge with L. major promastigotes were resistant to disease although lesions did not resolve completely in some of the recipients. Only when given at a very late stage of chronic disease (56 days after challenge with parasites) were T cells unable to prevent the fatal effects of infection in this mouse strain. Thus, a firmly established infection, with large numbers of infected macrophages present, can be eliminated by an inoculum of T cells both in genetically resistant and in genetically susceptible mouse strains. 6 promastigotes of L. major. Individual groups of 4 or 5 nude mouse recipients were injected intraperitoneally with 2 x 10 7 syngeneic T cells from uninfected euthymic mice on days 0 (e), 14 (0), 28 (11),42 (0), and 56 (A) or were not given any lymphocytes (x). The cross symbols (+) indicate deaths caused by metastases and visceralization of disease.
Are resistance-promoting cells present in chronically infected mice?
We have reexamined the question of whether the presence of resistance-promoting cells can be uncovered in a population oflymphoid cells from chronically infected BALB/c mice (Liew et aI., 1982; Mitchell, 1983 ) using a cell titration approach. Upon challenge of BALB/c nude mice with 10 6 L. major promastigotes and reconstitution with numbers of cells ranging from 10 2 to 10 6 and 10 5 to 10 8 in 2 different experiments, it was found that resistance-promoting cells can indeed be detected in chronically infected BALB/c mice (Fig. 3) . Nude mice given 10 4 or 10 5 cells in one experiment and 10 5 cells in another were resistant to L. major infection, whereas recipients ofless than 10 4 or more than 10 5 cells were susceptible. Thus, it is possible to titrate out disease-promoting cells and to uncover the activi- We have previously demonstrated that the disease-promoting activity of cells from genetically susceptible BALB/c mice can be increased by injection of a carbohydrate derivative of a hostprotective L. major glycolipid antigen (Mitchell and Handman, 1986) . Among genetically resistant mice, C57BLl6 can become more susceptible to chronic disease provided large amounts of this carbohydrate are injected in Freund's adjuvant. We have therefore examined whether lymphocytes taken from currently infected C5 7BLl6 mice are less able to promote resistance to infection in syngeneic nude mouse recipients. For this experiment, 2 C57BLl6 mice with lesion scores of 3 and with no sign of healing were chosen as spleen cell donors. These lesions were much larger than those usually seen in euthymic C57BLl6 mice challenged with L. major because mice of this strain generally develop only small lesions of score 1 to 2 that heal within 1-2 moo For comparison, C57BLl6 mice that represented the standard course of infection and had recovered from infection were used and either 3 x 10 6 or FIGURE 4. Reconstitution of nude mice with T cells from infected genetically resistant mice. On day 0, C57BLl6 nude mice (4 or 5 per group) were injected intradermally with 10 6 promastigotes of L. major and intraperitoneally with either 3 x 10 6 (0) or 3 x ID' (e) spleen cells from euthymic C57BLl6 mice that had recovered from infection (solid lines) or were currently infected with L. major (broken lines).
3 x 1 Q1 spleen cells from each donor type were injected to C57BLl6 nude mice that were challenged with 10 6 L. major promastigotes. Unless reconstituted with lymphocytes from syngeneic euthymic mice, C57BLl6 nude mice, like nude mice from other strains, are highly susceptible to disease and develop progressing lesions with fatal outcome. The course oflesion development in Figure 4 shows that lymphocytes from currently infected euthymic mice are less able to mediate resistance to infection in nude mice, because lesions are larger and take longer to heal than in nude mice that received cells from recovered euthymic mice.
DISCUSSION
The studies reported in this paper supplement 2 other approaches that are also designed to examine the basis of T cell-dependent disease resistance and disease promotion in murine cutaneous leishmaniasis. These other approaches are the subdivision of the L3T4+ T cell population according to additional surface markers including Ly-24 (Pgp-l) and the functional characterization ofthe resulting subsets (Moll and Scollay, submitted for publication) as well as the in vivo and in vitro analysis ofT cell responses to defined glycoconjugate antigens of L. major (Moll et aI., submitted for publication).
The results of the experiments reported here substantiate a conclusion made from other ex-periments, namely that disease-promoting cells can be induced in genetically resistant C57BLl6 mice (Fig. 4) . In addition, we extended the notion that lymphoid organs of genetically susceptible BALB/c mice contain a mixture of disease-promoting and resistance-promoting cells by demonstrating for the first time that even BALB/c mice chronically infected with L. major possess resistance-promoting cells. In these mice, disease-promoting cells can be titrated out to uncover the activities of resistance-promoting cells that are still present at a frequency apparently as high as in lymphoid organs of uninfected mice (Fig. 3) . The alternative explanation is that the 2 cell types are one and the same, the outcome of infection depending in some way on the numbers of cells present. Against this interpretation is the earlier observation (Mitchell, 1983 ) that using lymphocytes from severely affected donor mice with late-stage visceralized disease, no cell dose was found to mediate resistance (see also . Presumably, the balance between numbers of disease-promoting cells and resistance-promoting cells will depend on the duration (severity) of infection and the location from which cells are harvested in chronically infected mice. The proportion of activated T cells with disease-promoting activity appears to be highest in lymph nodes that are draining the site of the lesion (Moll and Mitchell, unpubl. obs.) . From the recent study of Locksley et al. (1987) , analyses of T helper cells oftype 1 and type 2 become critical to the understanding of disease outcome in all such experiments. However, no surface markers to distinguish these L3T4+ T cell subsets are available as yet.
A new observation is that T cells from donor mice chronically infected with L. major do not enhance the rate of lesion development in nude recipients. Thus, in mice given low numbers of parasites, the presence of disease-promoting T lymphocytes does not change the time point of first appearance of skin lesions (Fig. I) . Because during development of the primary infection in genetically susceptible mice, the increase in lesion size reflects the concomitant increase in the number of parasites in the lesions (Hill et aI., 1983) , it can be concluded that T cell-dependent exacerbation of cutaneous disease is most unlikely to be due to accelerated proliferation of amastigotes in the lesion. Rather, the data are consistent with the hypothesis that T cells promote disease by inhibiting the activity of hostprotective T lymphocytes. Another new finding reported in this paper is that the host-protective activity ofT cells from uninfected donor mice is extraordinarily potent even in long-term chronically infected nude recipients (Fig. 2) . In contrast to the results obtained after inoculation of T cells to chronically infected nude mice, attempts to reverse disease in chronically infected euthymic mice using lymphocyte populations have been unsuccessful (Mitchell, 1983) .
Some discussion on the cellular events in C57BLl6 mice infected with L. major is warranted. Using a crude in vivo limiting dilution assay in nude mice, we have not been able to show a marked increase in the apparent frequency of resistance-promoting cells in recovered hyperimmune mice relative to naive C57BLl6 mice (Mitchell et aI., 1987) . On the other hand, using the same type of in vivo assay, the apparent frequency of disease-promoting cells is increased in chronically infected BALB/c mice and in BALB/c mice immunized with a carbohydrate antigen of L. major isolated by affinity chromatography with a monoclonal antibody (Mitchell and Handman, 1986; Mitchell et aI., 1987) . This same carbohydrate antigen, provided it is injected in high doses and in Freund's adjuvant (and then not in every experiment), can prolong subsequent disease in C57BLl6 mice. We speculate that most genetically resistant mice are nonresponders to this and other disease-promoting antigens but that they can be stimulated to respond under some conditions. In the experiment reported here (Fig. 4) , cells from diseased C57BLl6 mice were less able to promote resistance in nude mice than cells from recovered C57BLl6 mice. It becomes important to determine whether, in a vaccination program, some humans are high responders to disease-promoting antigens (like BALB/c mice) and others, though relatively resistant, can respond to such antigens under some circumstances (like C57BLl6 mice). 
